Background: Immunization offers the best protection from influenza infection. Little evidence describes disparities in immunization uptake among low-income individuals. Higher rates of chronic disease put this population at increased risk of influenza-related complications. This analysis examines if the type of main source of household income in low-income groups affects influenza immunization uptake. We hypothesized that individuals on social assistance have less access to immunization compared to those with employment earnings or seniors' benefits.
Background
Influenza infection poses a significant public health burden affecting millions of Canadians each year resulting in 20,000 hospitalizations and 4,000 to 8,000 deaths, particularly among high risk groups [1, 2] . Influenza immunization offers the best protection from infection and disease and at the national level is recommended for all Canadians over six months of age [1] . Delivery of influenza immunization programs occurs at the provincial level. Some publicly funded provincial programs are universal in scope and offer the vaccine free of charge to all residents, while others are limited to high risk groups and offer the vaccine free of charge only to individuals at high risk of complications from infection and/or individuals providing care for those at high risk [3] . Further details describing high risk groups are provided by the National Advisory Committee on Immunization statement on seasonal influenza immunization [4] . In 2007 to 2008, national influenza immunization rates reached 31% among Canadians 12 years of age and older [5] .
However, immunization coverage is not equal among all segments of the Canadian population. The influence of socio-economic and demographic factors such as age, gender, chronic disease status, ethnicity, access to health care, education and income on influenza immunization have been well described [6] [7] [8] [9] [10] [11] . In a recent study, older age, having a chronic disease, and having a medical doctor were associated with influenza immunization uptake [11] . However, in Ontario, unlike other provinces, no relationship between immunization and age and income was reported suggesting more equitable access to vaccine perhaps due to the universal scope of the publicly funded immunization program [11] .
While factors influencing influenza immunization in certain sub-populations have been examined, little evidence exists describing disparities among low-income individuals [12] . Higher rates of chronic disease put this population at increased risk of influenza-related complications [12, 13] . Access to immunization programs may not be uniform and barriers may be distinct from those described for the general population and other sub-populations. Two studies in the United States assessing rates of influenza immunization in disadvantaged urban areas found that access to social services, health services or health insurance were important determinants [12, 13] . However, findings likely need to be interpreted with caution in the Canadian context due to differences in immunization program delivery within public and private health care systems [8] .
This analysis aims to examine the influence of the source of household income (employment, social assistance, or seniors' benefits) on influenza immunization among lowincome individuals, defined as individuals reporting a total annual household income of less than $20,000, in the Canadian population and whether this differs according to the type of publicly funded program (universal or high risk) available in the province. Source of income may serve as a surrogate measure to identify potentially marginalized individuals within the low-income group. Awareness of influenza immunization programs may be through the workplace, seniors' residence immunization clinics, and more frequent physician visits with age. Therefore, individuals on social assistance may have less access to and awareness of immunization programs compared to those with employment earning or on seniors' benefits.
Methods

Study design
Data was obtained from the Public Use Microdata File of the Canadian Community Health Survey (CCHS) annual component January 2009 to December 2010. The CCHS is a cross-sectional survey that collects information on the health status, health care utilization, and health determinants of the Canadian population. Survey data was collected using a multistage stratified cluster design from a representative sample of 124,188 individuals aged 12 or older in all 10 provinces and 3 territories. The sample is representative of approximately 98% of the Canadian population. The 2% not represented includes individuals living on Indian Reserves, Crown Lands, those residing in institutions, full-time members of the Canadian Forces, and residents of certain remote regions. Further details pertaining to the CCHS sampling methodology are reported elsewhere [14] .
Study sample
This analysis was restricted to individuals 15 years of age or older reporting a total annual household income of less than $20,000, consistent with the low income cut off estimated by Statistics Canada (Figure 1 ) [15] . Individuals not stating annual household income were not eligible for the study sample. Individuals reporting "other" (dividends, interest, child support, alimony, other, or no income) as the main source of household income were excluded based on conceptual considerations. Non-valid responses, including individuals who did not state their main source of household income, influenza immunization status, or a response for confounding variables, were also excluded.
Study variables
The outcome variable, receiving influenza immunization in the last 12 months, was constructed from the CCHS questions "Have you ever had a seasonal flu shot?" and "When did you have your last seasonal flu shot?". A comparison was made between individuals who reported influenza immunization in the last 12 months and those who did not report influenza immunization in the last 12 months. Individuals who did not report influenza immunization in the last 12 months included those immunized one to two years ago, two or more years ago, and those reporting never receiving an influenza immunization ( Figure 1 ). The primary explanatory variable, main source of household income in the last 12 months, was listed in the CCHS as three categories: employment earnings; social assistance as a combination of employment insurance or worker's compensation or welfare; or seniors' benefits. Inclusion of confounding variables (age, gender, education, immigration, and self-perceived health) in the adjusted multivariable regression analysis was based on previous study findings and conceptual considerations [6] [7] [8] [9] [10] [11] [12] . Additional variables (not included in the multivariable regression analysis) used to describe the sample included chronic disease (as a combination of asthma, bronchitis, emphysema, chronic obstructive pulmonary disease, diabetes, cancer, and heart disease), occupation group, and reasons for non-immunization (no flu shot). Reasons for non-immunization were captured in the CCHS as a number of questions, including "Did not think it was necessary" and "Have not gotten around to it".
Analysis
Univariable analysis used logistic regression to determine unadjusted odds ratios and 95% confidence intervals measuring the association between influenza immunization and the primary explanatory variable, source of household income, and potential confounders. Confounding variables showing an association in the direction expected, based on a priori knowledge and conceptual considerations, were included in the multivariable model. A large proportion of individuals over 65 years of age reported seniors' benefits as the main source of household income, thus this relationship was further explored to ensure assumptions required for statistical tests were met. The multivariable model was developed with manual step-wise entry of each confounder. Analysis was stratified based on provincial influenza immunization program type. Provinces and territories with publicly funded universal programs (defined as provinces offering the vaccine free of charge to all residents), those with publicly funded high risk programs (defined as provinces offering the vaccine free of charge to individuals at high risk for complications from infection and/or individuals providing care for those at high risk), and those that implemented publicly funded universal programs during the CCHS data collection period (referred to as recent universal programs) were considered separately.
Sensitivity analyses compared individuals reporting influenza immunization in the last 12 months and those who had never received an influenza immunization to investigate whether or not the group reporting never receiving an influenza immunization was unique. Further sensitivity analysis explored the relationship between influenza immunization and source of household income with a sample restricted to individuals of low-income and low education (excluded post-secondary graduates). Additional variables (not included in the multivariable regression analysis) were used to provide descriptive results (proportions) where appropriate.
Power was sufficient overall and for each stratum (at least 0.92, at an alpha of 0.05), with the exception of the stratum including provinces with universal programs (where power was 0.54). Therefore, results from this stratum should be interpreted with caution. In order to produce estimates representative of the Canadian population, probability sampling weights were constructed for the analytic sample from Statistics Canada survey weights. The constructed probability weights were applied in all analyses to account for the sampling methodologies used in the CCHS. All analyses were done using SAS 9.3 for Windows (SAS Institute). 
Results
Study sample
A large number of respondents (20,524 or 18.3% of those over 15) were excluded from the sample since annual household income was not stated. Influenza immunization coverage was similar among the income not stated and income under $20,000 categories (OR 0.92, 95% CI 0.88-0.98). However, source of income differed among the income not stated and income under $20,000 categories. Individuals with an income under $20,000 were more likely to report social assistance as the main source of household income. Among individuals 15 years of age or older who reported an annual household income under $20,000, an additional 951 (11.9%) reporting "other" source of income were excluded. Influenza immunization was similar among respondents in the "other" category. An additional 922 respondents were excluded due to nonvalid responses for influenza immunization status (203), main source of household income (352) and confounders; education (285), immigrant status (62), and self-perceived health (20). Respondents excluded due to missing data did not differ significantly on influenza immunization status. The final sample size consisted of 10,373 respondents, representing 8.4% of the original CCHS sample (Figure 1 ).
Baseline characteristics
A large proportion of older individuals were represented in the final analytic sample. The median age of respondents was the 50 to 54 year age category, representing 7.5% of the sample (Table 1 ). More females (59.3%) and nonimmigrants (74.7%) were included. Almost half (45.7%) reported post-secondary graduation; however, 30.4% also reported not completing secondary school. Few respondents (8.9%) reported poor self-perceived health.
Outcome and exposure
Among the sample, 32.5% reported receiving an influenza immunization within the last 12 months. Of those not reporting an influenza immunization in the last 12 months, 47% reported never receiving an influenza immunization. The main source of household income was fairly evenly distributed in the sample, with 34.7% of respondents reporting employment income as their main source of household income, 29.2% reporting social assistance, and 36.1% reporting seniors' benefits. Among those reporting influenza immunization in the last 12 months, the majority (58.2%) reported seniors' benefits, while only 18.4% reported employment income.
Analysis
In the univariable models, stratified according to type of publicly funded influenza immunization program, the odds of influenza immunization was higher among individuals reporting social assistance (defined as employment insurance or worker's compensation or welfare) and significantly higher among individuals reporting seniors benefits compared to those reporting employment income ( Table 2 ). In the multivariable models, stratified by type of immunization program and adjusted for age, gender, immigration, education, and self-perceived health; the odds of influenza immunization and the variability of the estimates were reduced but remained elevated for both individuals reporting social assistance and seniors benefits compared to those reporting employment earnings regardless of the type of provincial publicly funded program ( Table 2) . Adjusting for chronic disease did not alter the findings, thus was not included as a confounder in the final model (results not shown).
Among provinces with publicly funded universal influenza immunization programs, the odds of influenza immunization were increased for individuals reporting social assistance (AOR 1.24, 95% CI 1.02-1.51) and for individuals reporting seniors' benefits (AOR 1.56, 95% CI 1.23-1.98) compared to individuals reporting employment income. Similar results were observed in provinces with recent universal and high-risk programs. The odds of influenza immunization was increased among provinces with recent universal programs for individuals reporting social assistance (AOR 1.27, 95% CI 0.91-1.76) and seniors' benefits (AOR 1.90, 95% CI 1.29-2.79) and was greatest among provinces with high risk programs for individuals reporting social assistance (AOR 1.49, 95% CI 1.20-1.86) and seniors' benefits (AOR 2.09, 95% CI 1.62-2.70) compared to individuals reporting employment income. All 95% CIs excluded '1', with the exception of the CI for individuals reporting social assistance for provinces with recent universal programs. Within each stratum, all 95% CIs overlapped but did not include point estimates, with the exception of the CI for individuals reporting seniors' benefits for provinces with universal programs.
For the confounding variables, the odds of influenza immunization increased with age and were higher among females in both univariable and multivariable models. The odds of influenza immunization were also higher for those with poor self-perceived health, with the exception of the multivariable model for high risk programs. In both univariable and multivariable models there did not appear to be a strong relationship between influenza immunization and immigration (confidence intervals included '1'). The relationship between influenza immunization and education was also less clear, without a consistent trend in univariable and multivariable models.
For the additional variables (not included in the multivariable regression analysis), chronic disease was higher among individuals reporting social assistance and seniors' benefits (29.7% and 52.3% respectively) compared to those reporting employment earnings (18.0%). Investigation of reasons for non-immunization demonstrated that among those that did not report influenza immunization in the last 12 months, the most common reasons for non-immunization included "Did not think it was necessary" and "Have not gotten around to it". Furthermore, rates of immunization were lowest among individuals reporting occupations related to trades or transport and equipment operator, and primary industry or processing or manufacturing and utilities (results not shown).
Discussion
Among the low-income population, it was hypothesized that individuals reporting social assistance as their main source of household income would have less access to and awareness of influenza immunization programs compared to those reporting employment earnings or seniors' benefits. This association, however, does not appear to exist. Among a national sample of low-income individuals those reporting social assistance and seniors' benefits are more likely to report receiving influenza immunization in the last 12 months compared to those reporting employment income, regardless of the type of provincial publicly funded program. The higher odds of influenza immunization observed for those receiving social assistance or seniors' benefits may be a result of the fact that these individuals represent high risk groups targeted by immunization programs. Rates of chronic disease were higher among those reporting social assistance and seniors' benefits (29.7% and 52.3% respectively) compared to the healthier workforce (18.0%). Higher rates of influenza immunization uptake among individuals with chronic conditions (and over 65 years of age) are supported by the literature [6, 11, 16] . Furthermore, since findings were consistent for provinces with both high risk and universal programs, this suggests high risk groups are being immunized regardless of the type of provincial publicly funded program. Public health campaigns appear to be effective at reaching those most at risk of influenza-related complications, however overall coverage remains low.
Findings were consistent with a study among disadvantaged urban areas in the United States where access to social services was found to be an important determinant of influenza immunization [12] . No comparable studies among low-income individuals in the Canadian context exist. However, Canadian studies have examined the influence of socio-economic indicators on influenza immunization and have reported an increasing likelihood of immunization with greater income [11, 16] . Thus, a lower overall rate of influenza immunization was expected in the study sample. However, the rate of influenza immunization in the low-income study sample was similar to that of the general population [16, 5] . While this finding is not consistent with the influence of income reported in Canadian studies, a recent review stated the influence of income on influenza immunization has been inconsistent [10] .
Since the low-income employed population appears to be healthier (lower rates of chronic disease) than those receiving social assistance or seniors' benefits, coverage rates may be lowest among this population due to less perceived need for immunization, regardless of access. Investigation of reasons for non-immunization demonstrated that among those that did not report influenza immunization in the last 12 months, the most common reasons for non-immunization included a lack of perceived need for immunization ("Did not think it was necessary" and "Have not gotten around to it") rather than access to health care services. Similar findings have been reported elsewhere [17] .
Several limitations arise due to the cross-sectional and self-reported nature of the data. Despite self-reporting, confounding variables previously described as determinants of influenza immunization showed associations in the direction expected adding face validity to the main finding. Also, influenza immunization rates were similar to those estimated for Canadian population suggesting influenza immunization status was reported accurately [5, 16] . However, there may have been a social desirability reporting bias where high risk individuals over-reported influenza immunization. The use of self-reported data led to further limitations in describing income earning and income source. It is likely that a number of low income individuals did not state their earnings thus were excluded from the analysis. Furthermore, low-income individuals may move above and below the low income cut off as their source of income changes. The income decile and income source reported may have differed from that at the time of influenza immunization. Furthermore, CCHS data was collected during the H1N1 pandemic influenza, thus results may not be generalizable to influenza immunization in non-pandemic years [10] .
Defining populations with higher rates of chronic disease, thus increased risk of influenza-related complications, is challenging. Increased risk of influenza-related complications is likely the result of a number of socioeconomic factors, including income, education, and occupation, but for the purposes of this study was limited to income. However, findings were also consistent a sensitivity analysis that further restricted the sample to individuals with low education (results not shown).
The structure of the CCHS questionnaire also led to limitations. The survey grouped individuals reporting various types of social assistance into a single category. However, immunization rates may vary with type of social assistance. Low immunization rates have been reported among populations with a high number of individuals on welfare, such as Vancouver's Downtown East-side [18] . Due to the CCHS categorization of social assistance lower rates of immunization among individuals on welfare could have been masked by higher rates among individuals on employment insurance or worker's compensation. Furthermore, as analysis was done with the Public Use Microdata File, probability sampling weights constructed from Statics Canada survey weights, rather than bootstrapped weights, were used. Bootstrapped weights provide a more precise measure of the variability around the estimates.
Conclusions
When implementing influenza immunization programs it is important to identify populations with low coverage and recognize the factors that affect immunization uptake. This study was unique in investigating influenza immunization among the low-income population in Canada and demonstrated that while overall coverage among the low-income population is low, public health efforts appear to be reaching high risk individuals. However there is a need, particularly with respect to education and awareness, to improve immunization coverage among the low-income workforce. Studies have demonstrated the public health benefits of widespread influenza immunization with reduced rates of influenza-related mortality and morbidity [19] . The lowincome employed population may be an important group to reach to attain broader influenza immunization coverage, thus greater protection in the community, in both provinces with universal and high risk publicly funded programs.
To further describe barriers to influenza immunization among the low-income population, future studies should investigate influenza immunization among the workforce by identifying occupation groups with the lowest coverage. This study found that rates of immunization were lowest among individuals reporting occupations related to trades or transport and equipment operator, and primary industry or processing or manufacturing and utilities. Further description of influenza immunization among occupation groups could be important in designing public health efforts. Studies should also investigate the association between influenza immunization and income source using finer social assistance categories (in particular a separate category for individuals on welfare) to determine if the association observed in this study is consistent across different types of social assistance.
